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Abstract 
Almost a third of this nation's adult population is estimated to be 
functionally illiterate. The cost to this nation is enormous. In economic 
terms, billions of dollars are spent to address merely the symptoms of 
adult illiteracy. The cost to this nation in the loss of contributions to 
the advancement of society and the loss of human dignity is incalculable. 
Despite the magnitude and importance of this problem, there are no 
published reports on the visual skills of this very large population. We 
performed vision screening on 15 adults who were enrolled in a 
rehabilitative reading program. We discovered that a significant 
percentage of these people exhibited uncorrected refractive error, 
presbyopia, eye movement dysfunction, and accommodative and vergence 
anomalies sufficient to impede the attainment of re~ding proficiency in 
80% of the adults surveyed. 
Introduction 
Adult illiteracy in the United States is a problem of massive 
proportions that has only recently come to the attention of the nation as 
a whole. The United States Census Bureau estimates that 13% of adult 
Americans are functionally illiterate, but even the authors of that 
figure, based on a single survey conducted in 1982, caution that this 
figure is very conservative (1). 
The U.S. Department of Education has estimated that if you add to 
those who cannot read the simplest directions, road signs, large-print 
poison warning labels and fast food menus, the marginally literate who 
cannot understand help-wanted adds, fill out job applications, read 
workplace safety manuals, write a check or read a letter, the number of 
effectively illiterate adults in this nation soars to 60 million; almost a 
third of this country's adult population. In terms of literacy, United 
States ranks 49th among the 158 members of the United Nations (1). 
In Portland, Oregon, it is reported that fifteen percent of high 
school students drop out of school before graduating; this figure is much 
higher statewide. The result is that there are now an estimated 450,000 
adults in Oregon who have not achieved a high school diploma. Included in 
this figure are 127,000 who cannot read or write which represents 22.5% 
of the state's adult population and does not include Oregon's sizable 
immigrant population (2). 
The cost of illiteracy to this nation is enormous. According to 
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statistics gathered by the American Society of Newspaper Editors (2), an 
estimated $6 billion a year is spent on welfare for children of illiterate 
mothers. The U.S. Department of Labor has estimated that 75% of the 8 
millen people unemployed in 1982 lacked the reading and writing skills 
that would enable employers to train them. Additionally, 85% of the youth 
who end up in juvenile court are functionally illiterate (2). Clearly, the 
economic cost to this nation is enormous as is the waste in potentially 
valuable human resources. Contributions to the advancement of society are 
not made because potential contributors are unable to express their ideas 
or are unemployed or underemployed. Perhaps far more significant is the 
cost in human suffering and individual dignity. Oregon Literacy Inc. (3) 
compiled some of the reasons that people expressed for having turned to 
them for literacy tutoring. Included were statements as: "tired of being 
consdered stupid," "wants to get ahead in life," "learn to read the 
bible," "tired of being afraid and embarrassed," "embarrassed when his 
seven year old has to read for him." 
The question we in the optometry profession ask in light of these 
statistics is whether the visual system of these adults is sufficien~ly 
intact so that information gathered during reading is done so efficiently. 
Vision is the principal modality through which we gather information about 
our physical universe and one might assume that identifying and removing 
any visual dysfunction in the poor reader should improve his chances of 
achieving reading proficiency. This assumption, however, cannot be made. 
There is a marked dichotomy of opinion among teaching professionals 
regarding the significance of vision, vision defects, and visual 
perception in reading success. An extreme view expressed in a joint 
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statement by the American Academy of Pediatricians and the American 
Academy of Ophthalmology in 1972 (4), states that: 
1. Visual training programs are not effective and eye care should 
never be instituted in isolation when a patient has a learning 
problem; instead a multidisciplinary approach should be used. 
2. There are no peripheral eye defects which produce dyslexia and 
associated learning disabilities. 
3. No known scientific evidence supports claims for improving the 
academic abilities of learning disabled or dyslexic children 
with treatment based solely on: (a) visual training or 
(b) neurologic organizational training balance board or 
perceptual training. 
4. Glasses have no value in the treatment of dyslexia or other 
learning problems. 
5· The teaching of the learning disabled and dyslexics is a 
problem of educational science. 
Robinson (5), on the other hand, published in 1946 the results of a 
landmark study into the causes of learning disabilities in children. The 
study consisted of three steps: (1) to summarize the literature concerning 
pupil failure in reading, (2) to identify and evaluate the causal factors 
in a group of severely disabled readers; and (3) to present the 
conclusions concerning the causal factors and to discuss various problems 
needing further study. 
In conducting her study, Robinson enlisted the aid of 10 other 
specialists: A social worker, a neurologist, a psychiatrist, three 
ophthalmologists, an otolaryngologist, an endocrinologist, a speech 
specialist and a reading specialist. Thirty severely disabled readers with 
Binet IQ scores between 85 and 137 were examined by each of the 
specialists. All the specialists met to present their findings and 
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collectively diagnose the cause of the disability. Based on the diagnoses, 
22 subjects then underwent an intensive remedial program. The group met 
again at the conclusion of the remedial program to discuss the various 
anomalies considered to be "probable cause" of the pupil's failures. The 
results are shown below: 
% of anomalies % of anomalies 
considered as considered as 
important probable cause 
Difficulties observed 
1. visual 63.6 50.0 
2. Neurologic 22.7 18.1 
3. Auditory 13.6 9.1 
4. Speech 27.3 18.1 
5. Physical 9.1 4.5 
6. Endocrine 22.7 9.1 
7· Emotional 40.9 31.8 
8. Social 63.6 54.5 
9· School methods 22.7 18.1 
The two columns differ, reflecting the differing views of the 
specialists. Some anomalies, though present do not necessarily contribute 
to a reading disability. Significantly, the panel without optometric 
representation concluded that visual difficulties present an important 
contribution to learning disabilities in children. 
Numerous articles have been written concerning the role of the visual 
system in children's learning disabilities, yet a reference concerning the 
visual system of adults with reading deficiencies could not be found. It 
was thus our goal to conduct a screening to examine the visual skills of 
an adult population reading below the ninth grade level. 
4 
Methods 
Subjects for the screening were taken from a population of students 
enrolled in GED classes, basic education courses, and the Oregon Literacy 
program. There were twenty two students screened. Eighteen of the twenty 
two subjects had English as a first language, and three students had 
previously diagnosed learning problems as a result of head trauma or 
genetic disorder. Of the remaining students, 7 were female and 8 were 
male, there were 7 students between 16 and 25 years of age, 5 between 26 
and 35 years, and 3 students greater than 40 years of age. All of the 
students read at or below ninth grade equivalence, with approximately an 
equal number of students in each grade level range: (1) lst-3rd grade, (2) 
4th-6th grade, (3) 7th-9th grade. 
Testing was conducted on two separate days. Seven subjects from the 
Oregon Literacy program were screened on one day, and fifteen students 
enrolled in the basic education and GED courses at the Rockcreek campus of 
the Portland Community College were tested on a separate morning. The 
entire screening procedure required approximately one hour per subject 
screened and consisted of: (1) An initial case history, (2) visual acuity 
near and far, (3) cover testing at near and far, (4) near point of 
convergence, (5) eye movement- pursuits and saccades, (6) accommodative 
and fusional facility, (7) stereoacuity, (8) retinoscopy at near and far, 
and (9) ocular health via direct ophthalmoscopy. 
The case history included the patient's birthdate, reading level, 
grade level completed in school, grade level achieved by parents and 
siblings, whether English was a first language, to what extent they read 
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outside of school, ocular symptomatology while reading, and a brief ocular 
and general health history. 
Visual acuity far and near was evaluated with Snellen acuity charts 
at 20 feet ad l,O centimeters respectively. Lighting was provided by 
overhead fluorescent lights supplemented by tungsten table lamps for near 
acuity card testing. 
Stereoacuity was assessed with the stereofly at 40 em. 
Pursuits and saccadic eye movements were sunbjectively assessed by 
the examiner. The patient was instructed to follow a 2 mm round white 
bead. The bead was moved through the four principal meridians, crossing 
the midline at each meridional change. The observer noted any inaccuracy 
in following, pursuits accompanied by head movements, midline jumps, jerky 
pursuits, nystagmus and any subjective complaint of pain, discomfort, or 
diplopia. During the saccadic testing, overshoot and undershoots were 
noted as well as an accompanying head movement as the patient was 
instructed to look in turn from one 2mm round bead to another. Saccades 
were also tested across the four principal meridians of gaze. 
MEM near retinoscopy was used to assess accommodative posture at the 
student's desired reading distance using an acui~y demand of 20/30 at a 
reading distance of 40cm. 
Accommodative and fusional facility testing was done at 40cm using a 
20/30 acuity target. +/- 2.00 diopter flippers were used to test 
accommodation and 8 diopter BI and BO prism flippers were used for 
fusional facility testing. The instructions to the students were to flip 
the lenses when the letters appeared clear and single through the lenses. 
The passing criterion for both tests required the student to clear or fuse 
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each side of the flipper within 5 seconds. 
The near point of convergence (NPC) was used to identify any 
convergence insufficiency. The NPC was tested with a 2 mm round bead and 
the patient specifically instructed to follow the bead and keep it single. 
Cover test was performed with a 20/30 acuity target at distances of 
20 feet and 40 em. The observer noted and quantified any tropia or any 
phoria in excess of 5 prism diopters at distance or 10 prism diopters at 
near. 
Results 
Of the 15 students screened for this study, 14 (93%) displayed 
binocular visual acuities greater than or equal to 20/30 at a 20' testing 
distance, and all 15 students had acuities greater than or equal to 20/30 
at near. Eleven of the students were habitually corrected to 20/20 at both 
testing distances and only one student showed a significantly reduced 
distance visual acuity of 20/60. 
The cover test revealed two students with esophorias both at distance 
and at nearpoint. No student displayed a high exophoria and there were no 
tropias observed in this population. 
Using the normative analysis criteria (6) to establish the mean value 
for the NPC of 2.5+/- .7 for the break and 4.0 +/- 1.7 for the recovery, 
eight students presented with a receded nearpoint of convergence. Of these 
eight, five displayed a break and recovery greater than 6 and 9 inches 
respectively. 
Uncorrected refractive errors were manifest in the overrefraction as 
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follows: 4 students presented with myopia e~ual to or greater than 0.50 
diopters, 8 subjects displayed hyperopia of at last 0.75 diopters. Of 
these eight hyperopes, three had refractive differences between the two 
eyes of at least 0.75 diopters. No high amounts (>1.00 D) of astigmatic 
correction was found in the overrefraction. 
MEM retinoscopy revealed a lag of 0.75 D or > (with full correction 
in place) in 3 of the students, and one student showed an accommodative 
lead by o.25 D. 
Twelve of the 15 students were tested for accommodative facility 
(three students over 40 years of age were excluded). Of the twelve, 7 were 
unable to clear either the + or the - side of the lens flipper in the 
allotted 5 seconds. Six students were unable to fuse either 8 BI or 8 BO 
in the allotted time. 
Ocular motility observation revealed 3 students with grossly 
inaccurate pursuits accompanied by head movements, and a single subject 
manifesting blatant undershoots in saccadic testing. 
Ocular health was within normal limits in all 15 students. 
Discussion 
The results of this study show 73% of the students with visual 
acuities of 20/20 both near and far. The question of whether these adults 
were fully corrected as children in their primary years of school is not 
known. The literature which compares the visual acuity of poor and good 
readers reveals no correlation between reduced distance acuity and reading 
proficiency among elementary school children (7). However, when evaluating 
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the effect of near visual acuity on reading skills, the published 
literature is mixed. Robinson (8) finds no correlation, however, Spache 
and Tillman (9) in their 1962 study of 114 poor readers and 101 unselected 
readers found significant differences between the two groups in ther 
nearpoint visual acuity, the poor readers presented with worse binocular 
visual acuities than the unselected group. Thus, distance visual acuity is 
a poor predictor of reading ability, whereas, at the nearpoint, 
significant differences may exist between the good and the poor reader. 
The relationship betwen refractive error and reading has received a 
great deal of attention in recent years, specifically, the relationship 
between myopia and reading. In 19/0, Young (10) reported a direct and 
statistically significant correlation between myopia and reading 
performance on standardized tests. Similarly, on IQ tests, Grosvenor (11), 
Young (12), and Hirsch (13) all observed that myopes scored higher on 
those tests which involved reading. Hyperopia, on the other hand has been 
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the refractive error most often associated with reading problems. Thomas 
Eames (14) compared the visual skills of 1000 disabled readers with 150 
unselected readers. Among the disabled readers, he found a 43% incidence 
of hyperopia versus 13% in the unselected group. In a study oy Farris 
(15), the increase in reading skills of 78 {th grade hyperopes and 78 
emmetropes was assessed of a period of one year. The report shows 
statistically less achievement for the hyperopic students. Most studies 
which cite refractive error and its correlation with reading are employing 
the true refractive status of the subjects involved. The goals of our 
study are different from that of the studies cited. Our goal in 
identifying refractive status was to determine the habitual condition of 
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visual operation. Retinoscopy overrefraction identified twice as many 
students with residual hyperopia as with myopia. 
Sustained accurate accommodation in an emmetrope or corrected 
ametrope is a prerequisite to reading. More than 50% of the students 
screened displayed either a significant hypoposturing of accommodation, 
hyperposturing or accommodative infacility. These same students presented 
with symptoms of "blur when reading," "burning eyes," "watery eyes," and 
"eyes that tire after 30 minutes of reading." While accommodation is under 
the control of the autonomic nervous system, accommodative dysfunction is 
amenable to visual therapy. Wold (16) reported that of 100 children who 
had undergone vision therapy for accommodative dysfuctions, 76 improved 
their accommodation. Liu, et al ·(17), reported an objective improvement in 
accommodative facility and a reduction in symptomatology after treating 
adults with symptoms of focusing difficulty. Hoffman (18), in 1982, in a 
comparative study of two groups of school children examined the 
relationship between accommodative deficiencies and visual information 
processing. He concluded that visual perceptual skills could be markedly 
enhanced by improving accommodative skills. 
The relationship between binocular dysfunction and school achievement 
has been studied in detail by several investigators with mixed results. 
Grieve and Archibald (19) compared voluntary convergence in a group of 104 
normal school children and 86 problem children. They concluded that 66% 
of normal children and only 40% of problem children had voluntary 
convergence. Voluntary convergence is a measure of the fusional component 
of reflex convergence since the eyes are converging without a fixation 
point- it is thus not a true measure of convergence insufficiency. Our 
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NPC testing revealed that 75% of the students in this study failed to meet 
the normative analysis criterion where the mean closest point to the 
individual, along the primary saggital line of sight, at which he can 
still fixate the target with both eyes is 3.2". Letournea, et al. (20), 
however, report that no correlation exists between a receded NPC and poor 
achievement. Kurz, Bauer, and deGraff (21) report that after treating 124 
school-aged hyperopes who manifested exophoria at near, reduced 
convergence, and school problems, reading, writing, concentration, and 
motivation had improved. Additionally, Dunlop (22) reported that the 
incidence of convergence insufficiency among learning disabled children is 
three times that found among proficient readers. Although 75% of our 
population presented wth convergence insufficiency and almost 50% with 
fusional infacility, based on the available literature, we cannot state 
with any certainty that treatment would result in improved reading skills. 
Benton (23), who treated a group of dyslexics presenting with convergence 
insufficiency, reported that although reversals and confusion when reading 
were not eliminated, symptoms of headache and asthenopia when reading were 
relieved. 
Seventy three percent of the students in our sample complained of 
losing their place while trying to read, whereas only 4 students were 
identified as having grossly inadequate oculomotor skills by the methods 
used. The Visigraph offers a more sensitive method for assessing 
oculomotor skills and was employed in the initial screening but technical 
difficulties limited its usefulness in this initial survey. The use of 
such a sensitive and quantitative instrument in the future may help 
resolve the conflicting views now held regarding the role of oculomotor 
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skills in reading proficiency. Gilbert (24), in 1953, photographed the eye 
movements of children and Taylor (25), using the reading eye camera, noted 
that poor readers make more fixations, longer fixations, and more 
regressions than do good readers. However the classical thought, as 
expressed by Tinker in 1965 (26), is that the oculomotor perforance of 
poor readers is not the cause but rather the symptom of poor reading 
skills. In an attempt to clarify the question of cause and effect, Heath, 
in 1976, reported the results of an investigation in which he treated 30 
of the 60 3rd graders who scored below the 40th percentile on the 
Metropolitan Reading Test (MRT) and who also failed the pursuit subclass 
of the Purdue Perceptual Motor Survey. Following tratment, Heath (27) 
reported a significant improvement in the experimental group on both 
ocular pursuit ability and on the post-test of the MRT compared to the 
control group. Punnett and Steinhauer (28) investigating the effect of eye 
movement with and without feedback reported marked differences between the 
two methods. Those reading disabled students whose oculomotor training was 
reinforced with feedback displayed greater improvement in oculomotor 
skills and reading performance. 
Conclusion 
Three quarters of the English speaking population sampled in our 
survey exhibited visual dysfunctions sufficient to impede their attaining 
reading proficiency. Uncorrected refractive error, extraocular muscle 
dysfunction, accommodative and vergence system anomalies, and presbyopia 
were all identified in this population and those students referred for 
correction or vision therapy. It is beyond the scope of this survey to try 
12 
to identify the root causes of adult illiteracy- the visual patterns 
exhibited by these students is almost certainly not that which they used 
in their early formal education. However, considering the magnitude of the 
illiteracy problem, the depth of human suffering and the limited resources 
available to address this problem, these limited resources must be used in 
the most efficient manner possible. The basic preparation of the student 
for the achievement of functional literacy must include a visual system 
capable of dealing with the printed word in a precise and orderly fashion. 
This is the role of the optometrist. No one is better trained or more 
knowledgeable in this field. In New Mexico, optometrists have begun to 
work in concert with literacy educators to solve that states literacy 
problem (29). Such associations must be encouraged and expanded to 
encompass a nationwide effort to resolve this national problem. 
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